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Abstract
Monitoring trends in the extinction risk of species is important for tracking conservation
effectiveness. The Red List index (RLI) reflects changes in aggregate extinction risk for sets
of species over time (a value of zero means that all species are extinct, a value of one
means that all species are categorized as Least Concern). We calculated the first national
RLI for birds in Colombia for the period 2002–2016, and disaggregated indices by ecosys-
tems, regions, and species groups. Overall, the status of birds in Colombia has moderately
deteriorated during 2002–2016, declining by 0.0000714% per year (the global RLI for birds
declined by 0.0297% per year). High Andean forest, paramo, and freshwater are the eco-
systems in worst condition. The two regions with the greatest avian diversity contrasted: the
Andes has the lowest RLI, and the Amazon the highest. Among species groups, gamebirds,
parrots, large frugivores, and forest raptors are the most threatened. Habitat loss from
expansion of illicit crops and population declines from hunting were the most important
threats. Agricultural expansion, invasive alien animal species, illegal logging and illegal min-
ing are significant threats for some species. Tracking species’ extinction risk is important in
a country with the highest bird species richness in the world, dynamic spatial patterns of
habitat loss, and high levels of endemism. Recent developments provide reasons for both
hope and despair. In 2016, a peace agreement ended 50 years of armed conflict. New
opportunities for biodiversity conservation, local development based on bird-watching tour-
ism, and advancement in scientific knowledge of birds now occur alongside dramatic
increases in deforestation. These new conservation opportunities and challenges provide
strong motivation to take advantage of the fact that the overall risk of extinction of birds in
Colombia is still relatively low and stable. Effective action is urgently needed while there still
is the opportunity to prevent extinctions and safeguard species, particularly those in higher
risk categories.
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Introduction
Human activities have become a force of global significance, causing disruption to climate,
landscape-scale habitat loss, pollution, and overexploitation of biological resources [1,2,3,4].
As the human population has grown in numbers and consumption, the growing proportion of
natural resources that consumes has caused habitat loss and species extinction [5,6]. Habitat
loss and unsustainable levels of hunting associated with armed conflict and illegal drug-cultiva-
tion are a particular threat to biodiversity in some tropical regions [e.g. 7]. Extinctions and
declines in native species’ abundance undermine the capacity of ecosystems to provide ecosys-
tem services such as provision of food, materials, and drinking water, with direct consequences
for human health [2,5]. Declines in bird populations, in particular, may reduce the delivery of
ecosystem services such as pollination, seed dispersal and pest-control [8,9].
Extinction risk assessment has become an essential tool for conservation planning and
action [10], with the IUCN Red List widely regarded as the global standard. The process of
undertaking Red List assessments not only produces an evaluation of the conservation status
of species, but also involves compiling an extraordinary wealth of data on which such assess-
ments are based [11]. Red Data Books and Lists provide support for a variety of actions such
definition of conservation priorities, allocation of economic resources, environmental educa-
tion and raising awareness of the biodiversity crisis [11,12].
Periodic risk assessment allows for monitoring trends over time, detecting changes in
causes of threat and their intensity, and providing insights into the effectiveness of conserva-
tion policies [11,12]. To achieve this and allow meaningful comparison of repeated extinction
risk assessments, the Red List Index (RLI) was developed [13,14,15]. RLIs illustrate the relative
rate at which groups of species change in their overall level of extinction risk. They are calcu-
lated from the number of species in each Red List category and genuine changes between
assessments (i.e. those resulting from improvements or deteriorations in the status of species).
Those changes due to improved knowledge or taxonomic status are excluded [13, 15]. RLIs
have been used to track global and regional trends in the extinction risk of species
[13,16,17,18], and for subsets of species or drivers of trends relevant to different policy targets,
such as the impact of invasive species or trends in pollinator species [e.g. 19,20,21], as well as
to track institutional impact on conservation [22]. On a global scale, the index is available for
birds, mammals, amphibians, corals, cycads and conifers [e.g. 23], with baseline data points
available for a number of other vertebrates, invertebrate and plant groups, including some
derived from a sampled approach [e.g. 24,25]. The latter entails assessing a random selection
of species from across an entire taxonomic group, allowing for the assessment of trends for
large and poorly known taxonomic groups when the sampled species are reassessed [26].
Most conservation policies are implemented at the national scale, where conservation
resources are also typically allocated. The RLI can be applied at the national scale through dis-
aggregation of the global index [27], by weighting each species according to the proportion of
its range (a surrogate for population) within the country, to account for national responsibility
for the conservation of each species [28]. National RLIs can also be produced from repeated
assessments of extinction risk at the national scale through national Red Lists, with examples
published mainly for vertebrates, but also for invertebrates, plants and lichens, spanning ter-
restrial, freshwater and marine realms, and temperate and tropical countries such as Australia,
China, Denmark, Ecuador, Finland, Italy, Paraguay, Spain, Sweden, and Venezuela (reviewed
in [29], see also [16,30]). Such national RLIs tend to be more sensitive in detecting national
biodiversity trends because larger numbers of species change Red List category between assess-
ments when extinction risk is assessed at national rather than global scales [18]. However, they
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 2 / 19
groups were obtained from published literature and
paper´s authors and are included as supplementary
information
Funding: LMR. This work was made possible with
funding Vice-presidency for research of Pontificia
Universidad Javeriana (VRI Project number 7284).
Competing interests: The authors have declared
that no competing interests exist.
may also reflect changes in the local status of species that are of minor significance at a global
scale [31].
Birds are the best-known class of organisms, and are useful indicators of broader biodiver-
sity trends [32]. According to BirdLife International, and the South American Classification
Committee, Colombia has the most diverse avifauna in the world, with over 1900 species, 4.4%
of them endemic to the country [33,34,35,36]. In addition, Colombia contains global biodiver-
sity hotspots (e.g., tropical Andes and Choco´/Darie´n, [37]), and regions with high levels of
endemism and species richness [38,39]. For these reasons, bird conservation in Colombia is of
global significance. While national red list assessments indicate that the proportion of threat-
ened bird species has increased from 6.4% in 2002 to 8.1% in 2016 [40,41,42,43], this variation
is partly a result of changes in knowledge and taxonomy. We calculated the first Red List Index
for birds in Colombia to determine the genuine change in national extinction risk of birds in
Colombia over this period, compare it with global trends, and explore patterns across ecosys-
tems, regions and groups of species of conservation concern.
Methods
In order to calculate an RLI for the country we followed Butchart et al. [15]. To obtain a com-
plete list of bird species found in Colombia, we used Avendaño et al. [35], but excluded passage
migrants (transients), vagrants, introduced species, and species for which their occurrence
within the country is unconfirmed according to Avendaño et al. [35] and the authors’ knowl-
edge. We used the two most recent assessments of extinction risk for birds for the country [40
and 41 and 42, hereafter summarized as 42]. These two assessments applied the IUCN Red List
categories and criteria [44] and followed the IUCN guidelines for their regional/national appli-
cation [45]. The categories considered were extinct (EX), critically endangered (CR), endan-
gered (EN), vulnerable (VU), near threatened (NT) and least concern (LC). Nine species
evaluated as data deficient in 2016 were excluded, following Butchart et al. [15]. This produced
a list of 1718 species for which we calculated the RLI. For each of these, we followed the
approach outlined in Butchart et al. [15] and assessed if any had undergone genuine improve-
ments or deteriorations in status of sufficient magnitude such that they would have qualified
for a lower or higher Red List category in 2002, using information in Renjifo et al. [40,42]. We
excluded changes in category between assessments that resulted from better knowledge, differ-
ences in methodology (for example different interpretation of information or different process
of assessment due regional adjustments) or taxonomy (newly described species, split or
lumped taxa) [13,15]. For genuine changes, we documented which parameters changed, trig-
gering which criteria and resulting in which category shifts, as well as the drivers (threats or
conservation actions).
We calculated the RLI for each time point, assigning “equal steps” weights for each IUCN
Red List category (0 for LC, 1 for NT, 2 for VU, 3 for EN, 4 for CR and 5 for EX). The number
of species in each category was multiplied by these weights and the products summed. The
total was divided by the maximum possible value (# of non-DD species multiplied by 5) and
subtracted from one to give the RLI. An RLI value of one results if all species are classified as
least concern; an RLI value of zero results if all species are classified as extinct. In other words,
the index declines as the status of species deteriorates, to be consistent with most other biodi-
versity indicators.
We calculated disaggregated RLIs for species in different regions, ecosystems and groups of
species of conservation concern, assigning species to these using the information found in
Hilty & Brown [46], Ayerbe [47], Schulenberg [48], and expert knowledge of authors. The
occurrence of some marine and migratory species within some regions of the country was
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determined following consultation with experts (see acknowledgments). Regions were defined
as: Pacific (including all lowlands on the Pacific side of the Andes that encompass both Darie´n
and Choco´ biogeographic regions, including dry forest within Patı´a valley); Pacific coast and
ocean (coastline, islands and open sea); Andes (all three main mountain ranges and Perija´);
Caribbean (continental region, including Magdalena and Cauca valleys); Caribbean coast and
ocean (coastline, coastal islands and open sea); Sierra Nevada de Santa Marta (SNSM, includ-
ing foothills); Darie´n Highlands; San Andre´s and Providencia islands; Amazon; and Orinoquia
(Fig 1). Ecosystems were defined as: lowland rainforest, lowland dry forest (including dry
scrub, and desert), Sub-Andean forest (both rain and dry), High Andean forest (both rain and
dry), paramo, mangrove forest, savanna, freshwater ecosystems (wetlands and rivers), coastal
and pelagic waters. We lumped together species of rain and dry Sub-Andean and High Andean
forest because current knowledge precludes a consistent classification of species associated
with dry mountain forests. Lowland was defined as<1000 m, Sub-Andean as 1000–2500 m,
and High Andean as>2500 m. For species in the Darie´n mountains, the cut-off between low-
land and Sub-Andean was taken as 800 m, because on small isolated mountains the upper
limit of lowland rain forest is lower than on major ranges due to the “Massenerhebung” effect
[49]. Species groups of conservation concern were defined as: gamebirds (Tinamiformes,
Fig 1. Regions of Colombia used for disaggregated RLIs. San Andre´s and Providencia Islands and Darie´n Highlands
are represented with symbols because they are too small to be seen at the scale of the map.
https://doi.org/10.1371/journal.pone.0227381.g001
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Anseriformes, Galliformes, Columbiformes), diurnal raptors (Accipitriformes and Falconi-
formes), parrots (Psittaciformes), terrestrial forest insectivores (Conopophagidae, Grallaridae,
Rhinocryptidae, Formicariidae, Furnariidae, and some Cuculidae, Thamnophilidae, Tyranni-
dae, Troglodytidae, Polioptilidae and Parulidae), large frugivores (species that consume ripe or
unripe fruit on a regular basis and weigh more than 100 g: Tinamidae, Cracidae, Odontophori-
dae, some Columbidae, Steatornithidae, Psophiidae, some Trogonidae, some Momotidae,
Ramphastidae, some Picidae, some Psittacidae, some Cotingidae, some Corvidae, some Turdi-
dae, some Thraupidae, some Icteridae), and forest-dependent raptors (some Accipitridae, and
some Falconidae), while control groups were nocturnal raptors (Strigiformes), suboscine and
oscines passerines, and hummingbirds (Trochilidae) (See S2 Table). We included terrestrial
forest insectivores, large frugivores, and forest-dependent raptors because they have been
found to be consistently prone to extinction due to habitat fragmentation [e.g. 50,51,52].
We compared the number of threatened (CR, EN, VU), near threatened (NT) and least
concern (LC) species on the global IUCN Red List [53], with the numbers of species in the
same categories in the Colombian national Red List [41,42]. Then, we compared the number
of species in each category on the national list with the number of Colombian species in each
category on the global IUCN Red List [53]. We conducted G-tests to evaluate statistical signifi-
cance, and used a Fisher Exact test to compare the number of extinct species in the Global Red
List with the number of extinct species in the national Red List.
Results
A total of 1909 species have been recorded within Colombia [35], of which 1727 are either resi-
dents (species that spend all year in Colombia) or seasonal migrants (i.e., temperate and intra-
tropical migrants). Among them, one endemic species is extinct (Colombian Grebe Podiceps
andinus). Comparing the Colombian National Red List with the Global IUCN Red List we
found that there is a significantly lower proportion of nationally threatened species (8.1%)
than globally threatened (13.6%) (G-test = 219.463, df = 4, p<<0.0001), and a higher propor-
tion of species that have gone extinct since 1500 at global than at national level (Fisher´s Exact
test, p<<0.001). Comparing the Colombian National Red List with the Colombian species in
the global IUCN Red List (i.e. species present in Colombia assessed by the IUCN Red List), we
found a higher proportion of species threatened in the national assessment (8.1%) than in the
global assessment (6.7%) (Table 1), (G-test = 51.623, df = 5, p<<0.0001). This was expected
because species are more likely to qualify as threatened when extinction risk is assessed at a
national rather than global scale [18].
We found that most of the changes in species’ red list categories between 2002 and 2016, a
total of 70 (81.4% of species with changes), were due to better knowledge of species distribu-
tions, populations, trends, etc., or changes in the way in which the red list categories were
applied, or improved analytical methods (following 41,42,45). A smaller proportion of cate-
gory changes (18.6%) was due to genuine improvement or deterioration in species’ conserva-
tion status. From 1718 extant non-DD species, 16 qualified for lower (3) or higher (13)
categories of extinction risk owing to genuine changes (Table 2). These category changes drive
trends in the RLI, although the full set of species and their current red list categories are used
to determine the 2016 RLI value [13,15]. The causes of improvement in conservation status
differed for the three species. One of them recovered due to land abandonment and subse-
quent habitat recovery as people moved to cities [54,55,56]; another experienced an improve-
ment due to a reduction in the rate of habitat loss as illegal cultivation of coca shifted among
regions [41,57]; and a third benefited from conservation actions. For the uplisted species, habi-
tat loss from expansion of illicit crops and population declines from hunting were the two
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Table 1. Bird species (percentage in parenthesis) in each IUCN Red List category in the world and in Colombia. For Colombia, we excluded vagrants, passage
migrants, introduced species, and species of uncertain occurrence. The percentage of threatened species was calculated in relation to the total number of extant species.
EX: extinct, EW: extinct in the wild, CR(PEW): critically endangered (possibly extinct in the wild), CR(PE): critically endangered (possibly extinct), CR: critically endan-
gered, EN: endangered, VU: vulnerable, NT: near threatened, LC: least concern, DD: data deficient. Global totals are based on the 2018 IUCN Red List. Totals for Colom-
bian species on the global IUCN Red List include passage migrants.
Red List Category Global IUCN Red List Colombian species on global IUCN Red List Colombia National Red List
EX 156 (1.4%) 1 (0%) 1 (0.1%)
EW 5 (0%) 0 (0%) 0 (0%)
CR(PEW) 1 (0%) 0 (0%) 0 (0%)
CR(PE) 21 (0.2%) 0 (0%) 2 (0.1%)
CR 202 (1.8%) 14 (0.8%) 14 (0.8%)
EN 469 (4.2%) 36 (1.9%) 56 (3.2%)
VU 799 (7.2%) 76 (4.0%) 68 (3.9%)
NT 1012 (9.1%) 105 (5.6%) 27 (1.6%)
LC 8405 (75.5%) 1641 (87%) 1550 (89.8%)
DD 56 (0.5%) 5 (0.3%) 9 (0.5%)
TOTAL 11126 1878 1727
TOTAL THREATENED 1492 (13.6%) 126 (6.7%) 140 (8.1%)
https://doi.org/10.1371/journal.pone.0227381.t001
Table 2. Genuine changes suffered by species during 2002–2016 period. Endemic species are marked with asterisk�.
Family Common name Species Change Support
Anatidae Orinoco Goose Oressochen jubatus uplist The species qualified for uplisting from NT to VU under criterion A2 due to an acceleration
in the rate of habitat loss in the llanos region (Orinoquia), owing to intensifying habitat
destruction for agriculture and extensive livestock farming. By 2002 the rate of decline was
projected to be below 30% in 3 generations but during 2002–2016 exceeded 30% because of
increases in the rate of loss of forest (which is used by the species when nesting) and hunting.
Also, the population size decreased and crossed the threshold under criterion C2 from 25000
individuals by 2002 to 5000–10000 individuals by 2016.
Cracidae Great Curassow Crax rubra uplist The species qualified for uplisting from NT to VU under criterion A2 owing to increased
hunting and deforestation in its distribution range due to illegal coca crops, illegal gold and
platinum mining, and illegal timber extraction. By 2002 the rate of decline was projected to
be below 30% in 3 generations but during 2002–2016 exceeded it because of an increased
rate of forest loss, degradation and hunting.
Cracidae Yellow-knobbed
Curassow
Crax daubentoni uplist The species qualified for uplisting from VU to EN because the population size is suspected to
have fallen below 2500 individuals by 2016, resulting in uplisting under criterion C2. Also,
the species crossed the threshold under criterion A2 from VU to EN because the rate of
population decline was suspected to have exceeded 50% over last three generations (and
predicted to continue in the future). All these changes are due to intensifying of
deforestation and fragmentation especially for illicit crops and presumably an increase in
hunting.
Cracidae Helmeted Curassow Pauxi pauxi uplist The species qualified for uplisting from VU to EN under criterion A2 due to a decline in the
population driven by habitat loss from illicit crops and concomitant hunting, especially in
Catatumbo and Magdalena medio regions. By 2002 the rate of population decline was
projected to be 30% over next 3 generations but during 2002–2016 it increased to�50%
because of an increase in deforestation rate and hunting.
Podicipedidae Northern Silvery
Grebe
Podiceps juninensis uplist The species qualified for uplisting from EN to CR under criterion B2 because it disappeared
from La Cocha lagoon, presumably because of hunting and degradation of habitat. This
decreased its AOO below 10km2. The main drivers of the lagoon’s degradation are
eutrophication and the introduction of invasive trout.
Trochilidae Black Inca Coeligena prunellei� downlist The species qualified for downlisting from EN to NT due a recovery of its habitat. This
hummingbird uses both mature forest and regenerating areas. Some conservation actions
have taken place since 2005 including the active recuperation of oak forest (Quercus
humboldtii) in Boyaca´ and the protection of the species in Santander.
(Continued)
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Table 2. (Continued)
Family Common name Species Change Support
Capitonidae Orange-fronted
Barbet
Capito squamatus uplist The species qualified for uplisting from NT to VU under criteria A4 and B1. By 2002, this
species was below the threshold of population reduction over three generations spanning the
past and future. However, the species lost 15% of its habitat during 2001–2010, so is
projected to lose�30% of its population over next three generations. The species also met
the threshold of VU for criterion B1 due to the intensification of deforestation within its
distribution (Nariño department, southwest Colombia) during the last decade. Deforestation





uplist The species qualified for uplisting from VU to EN under criterion B1 due to the
intensification of deforestation within its distribution (Nariño department, southwest
Colombia). The AOO in 2002 was around 1770 km2 but during the last decade it fell below





uplist The species qualified for uplisting from NT to VU under criterion B1+2 due to declines EOO
and AOO, and under C2 due to habitat loss. During 2002–2016, there was increased
destruction of its habitat (mangroves and lowland humid forest), in the south-west Pacific
region (Nariño and Cauca departments). The main drivers of habitat degradation are the
expansion of agricultural frontier and illicit crops of coca.
Falconidae Plumbeous Forest-
falcon
Micrastur plumbeus uplist The species qualified for uplisting from NT to EN under criterion C1. In 2002 the rate of
population decline was below the threshold of 10% over the next three generations.
However, by 2016 it was projected that the species will lose 25% of its population over next
two generations, because habitat loss is occurring faster owing to intensifying of
deforestation in southwest Colombia. The main drivers of habitat loss and degradation are
illegal crops of coca and the use of agrochemicals to which raptors are sensitive.
Psittacidae Yellow-eared Parrot Ognorhynchus
icterotis
downlist The species qualified for downlisting from CR to EN under criterion C because during
2002–2016 it experienced a recovery of its population. This improvement is due to
conservation actions in Tolima, Antioquia-Caldas and Meta departments including habitat
protection and restoration as a consequence of government and civil campaigns. Also, the
species has benefited from artificial nest boxes. The species remains in EN category instead
VU or NT because some relict populations still are without protection and because each
population is small (<250 mature individuals). (The discovery of new populations after 2002
also meant it no longer met the B criteria owing to improved knowledge).
Rhinocryptidae Stiles’s Tapaculo Scytalopus stilesi� uplist The species qualified for uplisting from VU to EN under criterion B2. This species was
discovered after 2002 (described as new to science in 2005) but we retrospectively assessed it
VU in 2002. During 2002–2016, the species suffered habitat loss and fragmentation,
especially in the north of its distribution (Antioquia department). In this period the AOO fell
below 500km2, qualifying the species as EN.
Tyranidae Bearded Tachuri Polystictus pectoralis uplist The species qualified for uplisting from NT to VU under criterion A2+3. Due to an
acceleration in the rate of habitat loss in the llanos region (Orinoquia), by 2016 the rate of
decline was projected to be 30% over next 3 generations. Since 2002 a rapid replacement of
natural savannas by large-scale crops, cattle expansion and oil extraction infrastructure has






downlist The species qualified for downlisting from VU to NT due to a recovery of its habitat. Under
criterion A, in 2002 the rate of decline was projected to be above or equal to 30% in 3
generations because of expansion of illegal crops in Amazonian piedmont (Putumayo
department). However, during 2002–2016 the rate of decline fell below 30% because the
illicit crop cultivation moved to other regions, especially the Pacific region (Nariño
department), allowing the recovery of habitat within the species’ distribution.
Troglodytidae Apolinar’s Wren Cistothorus
apolinari�
uplist The species qualified for uplisting from EN to CR under criterion B2 because it disappeared
from an important area of remaining habitat (i.e. most localities of sabana de Bogota´), and
the current distribution is severely fragmented. This situation diminished its AOO below
10km2 during 2002–2016. This species has its distribution fragmented because of the
destruction and degradation of its habitat (including from pollution in wetlands). Other
threats are hunting, depredation of nests by rats, and its low capacity to colonize new areas.




Dacnis berlepschi uplist The species qualified for upslisting from VU to EN under criterion B1+2 due to the
intensification of deforestation within its distribution (Nariño department, southwest
Colombia). During the last decade deforestation in this region increased due to the
expansion of illicit crops and efforts to eradicate them. This situation diminished its AOO
below 500km2.
https://doi.org/10.1371/journal.pone.0227381.t002
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most important causes of deterioration in conservation status. Of the 13 uplisted species, eight
were affected by expansion of illicit coca crops, seven experienced intensified hunting (one
also possibly by trapping), three were impacted by invasive and domestic animals (trout, cats,
rats, dogs, and Shiny Cowbirds), two by agriculture including cattle ranching, two by timber
extraction, two by illegal mining or oil production, one by water pollution, and another by
habitat loss from development. Most species were affected by multiple threats. Most of the spe-
cies that were uplisted had restricted distributions, particularly in south-west Colombia,
including both Pacific and Andes (Nariño department mainly, but also Cauca and Valle del
Cauca). It is notable that the 13 uplisted species include three cracids, reflecting the dispropor-
tionate susceptibility of this group to hunting and habitat loss [43].
Integrating these genuine Red List category changes, the Red List Index showed a rather sta-
ble trend in the aggregate survival probability (the inverse of extinction risk) of Colombian
birds, declining from 0.955 in 2002 to 0.954 in 2016. Disaggregation showed that birds in the
Andes are most threatened (i.e. lowest RLI values), while those in Amazon and Orinoquia are
least threatened (Fig 2A, S1 Table). We found that the proportion of species in different risk
categories are not significantly different between the national scale and the Andes region (G-
test = 1.195, df = 4, p = 0.879), but significantly different between the national scale and the
Amazon, and between the national scale and Orinoquia (G-test = 92.198, df = 4, p<< 0.0001
Fig 2. Disaggregated Red List Indices for birds in Colombia in different groups (A) regions, (B) ecosystems, and (C) groups of species of conservation interest. The
overall national RLI is shown in black.
https://doi.org/10.1371/journal.pone.0227381.g002
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for the Amazon, G-test = 70.437, df = 4, p << 0.0001 for Orinoquia). Comparing habitat
types, species inhabiting lowland rain forest are least threatened while freshwater species and
species of High Andean forest and paramo have the highest extinction risk (Fig 2B, S1 Table).
The small number of genuine changes mean that differences in RLI trends for different disag-
gregations were not substantial, but it was notable that species inhabiting mangroves and
freshwater ecosystems or occurring in the Pacific region and Pacific Ocean showed the most
pronounced negative trends (Fig 2A, S1 Table). In addition, gamebirds, parrots, large frugi-
vores, terrestrial forest insectivores, and forest raptors are groups with relatively high levels of
extinction risk (lower RLI values; Fig 2C, S1 Table).
Discussion
Comparisons between national and disaggregated RLIs can highlight ecosystems and regions
to focus on to prevent extinctions. The avifaunas of paramo, high Andean forest and freshwa-
ter ecosystems have RLIs below the national index (meaning that, overall, species are more
threatened in these ecosystems), with freshwater species showing the greatest negative change
between 2002 and 2016 (Fig 2B). Furthermore, eight out of 14 threatened freshwater species
are exclusively found in the Andes, while two are shared between the Andes and lowlands. By
contrast, lowland rainforest, savanna, and lowland dry forest all have high and stable RLIs,
indicating that their bird species are less threatened overall (Fig 2B). The poor conservation
status of freshwater birds, and especially montane freshwater species, was notable: these species
appear to have been overlooked as a group of special concern.
Among regions, those with the greatest avian diversity, namely the Andes and Amazon,
stand out for their contrasting situation (Fig 2A). The Andes has the lowest RLI: this region
has many range-restricted species, and has experienced extensive agricultural activities and
deforestation for centuries [58,59]. Consequently, the Andes have many threatened species,
are the only region with an RLI below the national index, and have a very strong influence on
the overall index (Fig 2A). By contrast, the Amazon has a more recent history of landscape
change [58,60], and very few range-restricted species [38]. The Amazon (along with Orino-
quia) still has an RLI close to one. In fact, the proportion of species in different risk categories
are not significantly different between the country and the Andes region, but significantly
lower in the Amazon and Orinoquia. However, there is currently very rapid and extensive
habitat loss in the western parts of the Amazon, as well as in Orinoquia, due to rapid expansion
of intensive cattle ranching and agriculture, oil palm plantations, and illicit coca crops
[61,62,63,64]. Two other regions deserve particular attention: the Darie´n Highlands, and San
Andre´s and Providencia. Los Katı´os National Park covers only part of the Darien lowlands,
but no highland species are protected within it, and there is only one small terrestrial protected
area on each of San Andre´s and Providencia islands [65]. They have low RLI values and a high
proportion of species with extremely small distributions. There are no protected areas within
the Darie´n Highlands in Colombia, and there is very limited protection within San Andre´s
and Providencia. In combination, these results indicate that both montane and insular regions
should be important targets of conservation action in Colombia (noting that these are also the
regions that are likely be most negatively affected by climate change; [66,67]), while freshwater
ecosystems also deserve greater attention.
We found that relatively few species underwent genuine deteriorations in status, with the
Colombian RLI declining by 0.0000714% per year during 2002–2016. By comparison, the
global RLI for birds declined by 0.0297% per year during 1988–2016 [68], again suggesting
that, on average, the level of threat to birds in Colombia is worsening at a slower pace than at a
global scale. The relatively high national RLI values for birds in 2016 and the relatively low rate
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of decline in the RLI during 2002–2016 provide encouraging news, especially for a country
with a very large avifauna. The proportion of species that qualify as threatened was lower for
the national scale assessment of extinction risk in Colombia than for birds globally (Table 1),
despite the fact that at a national scale species have smaller populations and distributions and
therefore are more likely to meet the thresholds for threatened categories under some criteria.
The difference is particularly strong for extinct species, reflecting the fact that most global
extinctions have been on remote oceanic islands [69], which are poorly represented in Colom-
bia. This may be the effect of a variety of factors. Among them, the large number of Amazonian
and Orinoquian species that tend to have broad distributions in lowland Colombia, and hence
tend not to qualify as threatened even at a national scale. Also, more than 50% of the land area
in the country is still covered by native forest, and there are vast areas of other natural non-for-
est ecosystems such as savanna and paramo [70,71]. This contrasts with only 30.6% of original
forest cover remaining globally [72,73,74].
The RLI is moderately sensitive, because it only reflects changes in status that are sufficient
to qualify a species for a lower or higher Red List category. Many more species undergo
improvements or deteriorations that are smaller in magnitude and not reflected in the index
[75,76]. For example, Cauca guan (Penelope perspicax) has increased in population size since
2002, particularly in the Otu´n River basin, Yotoco and probably in Bremen and Barbas river
canyon, in response to habitat protection and hunting controls [41,77]. However, the species
remains appropriately classified as endangered, and would need to increase from a current
population size to more than 2,500 mature individuals before qualifying for downlisting to vul-
nerable. It is also important to note that some improvements in status under criterion A may
simply reflect slower rates of decline, rather than recovery. For example, Fiery-throated Frui-
teater (Pipreola chlorolepidota) which was downlisted from vulnerable to near threatened
owing to a decline in the rate of habitat loss (Table 2). Given the moderate sensitivity of the
RLI, there is a strong case for complementing its application at the national scale (requiring
periodic repeated red list reassessments of species) with the development of population abun-
dance indices (like the Wild Bird Index; [78]) based on systematic population monitoring
schemes (as recently established in some African countries; [79]).
Threats to birds in Colombia
Overall, the status of birds in Colombia has deteriorated during 2002–2016, with four times as
many species declining in condition sufficiently to qualify for uplisting than the number of
species improving and qualifying for downlisting. As it is the case globally, loss or degradation
of habitat is the main threat to Colombian birds according to our results. Illegal economic
activities are the main drivers of habitat loss and degradation within the country [43,80],
exceeding the impact of legal agriculture, timber extraction and mining, at least for threatened
species. Illicit coca crops are the single most important driver of habitat loss, affecting eight of
13 uplisted species (Table 2). This is particularly severe in the south of Pacific and south
Andean regions on the border with Ecuador, but also in the Catatumbo subregion on the bor-
der with Venezuela [81]. Illegal logging and illegal mining are also important causes of habitat
loss in some regions, affecting two uplisted species. Illegal logging accounts for 42% of logging
in Colombia and occurs mainly in Darie´n (Pacific Region) and Amazon [82]. Illegal mining is
also a significant cause of habitat loss and degradation in several areas. For example, 99% of
the mines of Choco´ (Pacific region) operate illegally, according to the 2011 Departmental Min-
ing Census conducted by the Ministry of Mines and Energy [83].
Illegal trafficking of drugs, arms, timber, gold, and coltan (a valuable mineral), respond to
international markets. They have fueled armed and political conflict, and benefit from the
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permanence of such conflicts (e.g. [84,85]). In the particular context of Colombia, armed con-
flict has left a long history of environmental degradation from illicit coca crops, illegal gold
mining, etc., and a more ephemeral phenomenon of illegal poppy crops [86]. The spatial distri-
bution of coca cultivation has been very dynamic in the country, especially since the beginning
of the 21st century. Between 2001 and 2006, Guaviare and Putumayo in the Amazon basin
were the two primary producer regions [57]. Eradication efforts with aerial sprays of glypho-
sate (a potent herbicide) in the Amazonian region promoted the displacement of illicit crops
to other areas with low state presence and more vulnerable ecosystems [57], such as parts of
Nariño department (Pacific) which previously lacked coca plantations, consequently resulting
in increased deforestation in southern Choco´ region [57,87,88]. This has been one of the most
dramatic spatial trends, at least noted by the academic community studying illegal drugs
dynamics (L. Da´valos, com. pers). Thus, coca crops strongly affected ecosystems of the Pacific
region between 2001 and 2008 [89]. Threats whose driving forces derive from illegal transna-
tional activities require international cooperation to address them.
Fire, affecting almost the entire Orinoquia, and agricultural expansion, including for cattle
ranching, affected two uplisted species, both in Orinoquia: Bearded Tachuri (Polystictus pectora-
lis) and Orinoco Goose (Oressochen jubatus). The former depends on natural grasslands and is
affected by an increase in the frequency of fires for livestock grazing, and more locally by habitat
transformation for agriculture. The subspecies P. pectoralis bogotensis has already been driven
extinct by habitat transformation in the Eastern Andes and the dry valleys in the west of the
country [42]. Orinoco Goose depends on seasonally flooded savannas, wetlands, and forest for
feeding and nesting, habitats that are all being affected by the expansion of agriculture and
intensive cattle-raising [90]. Habitat loss and degradation are also important threats for freshwa-
ter species, driven by artificial drainage of flooded savannas for crops [90] and by hydrology
and water quality alteration by agriculture [91,92]. Freshwater species are also affected by eutro-
phication and invasive species such as introduced trout (Oncorhynchus mykiss). These factors
were important in the loss of the only extinct species in Colombia, the endemic Colombian
Grebe (Podiceps andinus), with the Northern Silvery Grebe (Podiceps juninensis) currently fol-
lowing a very similar trajectory at a national scale [93,94]. Finally, logging and destruction of
mangroves affect one species (Guayaquil woodpecker Campephilus gayaquilensis). Colombia
has experienced the second highest loss of mangrove cover in the Eastern Tropical Pacific and
has the lowest protected area coverage of mangroves in the region (23.7%; [95]).
Hunting is the second most important threat, affecting seven of 13 uplisted species. This activ-
ity particularly affects cracids (guans and curassows, driving the low RLI values for gamebirds),
freshwater species, large raptors and some other species (see Table 2). Although hunting for
sport is illegal in the country, subsistence hunting is a sensitive issue because it involves tradi-
tional practices and the food security of indigenous communities [96,97]. It is important to have
a better understanding of motivations of illegal hunters in order to generate actions that are sen-
sitive to socio-political and economic contexts [98]. Hunting typically operates in synergy with
others threats, such as illegal mining and timber extraction, because miners and loggers operat-
ing in remote areas often hunt for food. Invasive animals are a more local, but significant threat,
affecting three uplisted species, and involving both alien species (e.g. dogs and cats) as well as
native species such as the Shiny Cowbird (Molothrus bonariensis) that has recently expanded its
distribution within the country following clearance and degradation of native forests (e.g. [99]).
Implications for conservation
Our results support the use of the Red list index as an indicator of trends in risk extinction
for monitoring biodiversity. This is particularly important in a country like Colombia, with
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dynamic spatial patterns of habitat loss, and high levels of endemism and species richness. The
processes that affect the future of Colombian birds include some operating at a broad scale
and others at finer scales, requiring different set of management strategies and relevant actors.
At the core of large-scale processes lies the interaction between armed conflict and illegal busi-
ness. Armed conflict and illegal activities undermine the capacity of institutions to control the
territory and to provide appropriate environmental management. Other drivers of habitat loss
and threats operate at a finer scale. Focused action is required to address them and to support
species recovery. Interventions such as habitat management and restoration, hunting controls,
invasive species management, and environmental education are needed for the recovery of
many species. Successful examples of such action led to the downlisting of the Yellow-eared
Parrot (Ognorhynchus icterotis). In particular, species in paramo, high Andean forest, and
freshwater habitats, plus mangrove specialists, threatened seabirds, and species with extremely
small distributions can benefit from such local actions. Conservation actions need to take into
account the interaction with these broad and finer scale processes or otherwise they are bound
to fail.
Recent developments provide reasons for both hope and despair. By November 2016, a
peace agreement was signed between the Colombian government and the FARC guerrilla to
end 50 years of war, which raised great hopes for increased institutional and political stability,
and thus institutional capacity building. The positive consequences to avifauna conservation
are twofold. There is a growing enthusiasm for the observation and study of birds, as well as a
sense of pride in the national media. This has taken place with an increased use of online data-
bases that store information with huge potential for citizen science, such as eBird and Xeno-
canto. These databases are improving knowledge on birds in places that were previously poorly
known. There are also an increasing number of scientific expeditions to places previously
unexplored that the conflict used to make too dangerous to visit, some of them involve former
insurgents who are in the process of reintegration to civil society [100]. Furthermore, the
absence of conflict provides a chance to strengthen bird-watching tourism benefiting local
communities. Recent studies show that the potential revenues that bird-watching tourism
could bring to communities in this post-conflict period are promising [101,102]. This new
opportunity provided by bird-watching tourism is a good way to offer sources of income in
post-conflict zones without destroying nature [101,103]. Some of these new enterprises could
also involve ex-combatants as local guides, taking advantage of their local knowledge of forest,
and providing further opportunities to incorporate them into the civil society [104].
However, all these new opportunities for biodiversity conservation, local development
based on bird-watching tourism, and advancement in scientific knowledge coexist with more
worrying trends. Since late 2016, remnant illegal armed groups have flourished in post-conflict
zones, with a return to violence and an increase in homicides as the Colombian government
has struggled to reassert itself in the areas formerly controlled by FARC [105,106]. From 2017
to 2018, there was a six-fold increase in fires inside protected areas formerly under FARC con-
trol [107]. Based on local history in Guaviare department (Amazon), deforestation has
increased from pastures, cattle ranching and land grabbing [108]. The area of land deforested
in 2017 increased by 23% compared with 2016 [109]. Two municipalities in the Amazon (San
Vicente del Cagua´n and Cartagena del Chaira´, Caqueta´ department) contributed a staggering
34.6% of all national deforestation in 2018 [63]. Close monitoring and rapid responses are
required to address such dynamic threats. The outcome will be heavily influenced by effective-
ness of efforts to stabilize this complex situation.
Such periods of social instability are well documented in post-conflict societies [110]. The
rise of violence post-civil war may undermine the legitimacy of the new peace order [111],
which may have important environmental consequences. For instance, in countries such as
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Nepal, Sri Lanka, Ivory Coast and Peru there was on average a 68% increase of annual forest
loss in the five years following the end of armed conflict [110], contrasting with a worldwide
annual loss of 7.2% of forest [73]. Inappropriate governance and institutional arrangements
have been identified as the key deforestation driver during the transition period after a war. As
a whole, the drivers of deforestation after the end of armed conflicts are a complex mix of
social, political, institutional and governance related issues [110].
Finally, these new conservation opportunities should be a strong motivation for environ-
mental institutions, scientists, politicians, and civil society to take advantage of the fact that the
overall risk of extinction of birds in Colombia is still low and has been rather stable. Effective
actions are urgently needed while there is still the opportunity to prevent extinctions and safe-
guard species, particularly those in higher risk categories.
Supporting information
S1 Table. Disaggregated Red List Index values for 2002 and 2016 for different regions, eco-
systems and species groups. There were no species that underwent genuine changes in status
in lowland dry forest, paramo, coastal waters, Caribbean Coast and Ocean, Darie´n, SNSM, San
Andre´s and Providencia, nor among nocturnal raptors.
(PDF)
S2 Table. Data used to calculate disaggregated red list indices. Species are classified by
regions, ecosystems and groups of conservation concern. The latter include Trochilidae (hum-
mingbirds), Tytonidae and Strigidae (nocturnal raptors), Psittacidae (parrots) and Suboscines
and Oscines passerines. Abbreviations: L. rain-forest = lowland rainforest; Sub-A. forest =
sub-Andean forest; High A. forest = high-Andean forest; L. dry forest = lowland dry forest;
Fwt. = Freshwater ecosystems; C.wt = coastal and pelagic waters. P. Ocean = Pacific Ocean; C.
Sea = Caribbean Sea; SNSM = Sierra Nevada de Santa Marta; Sa&Pr = San Andre´s & Providen-
cia islands. T. forest insectiv. = terrestrial forest insectivores; Large Frugiv. = large frugivores.
Taxonomy following South American Classification Committee (SACC), 2018. National and




First of all, we would like to thank the hundreds of coauthors, individuals, and institutions who
contributed to the red data books of Colombia and BirdLife’s global IUCN Red List assessments.
We are grateful with Nicholas Bayly and Felipe Estela for sharing their knowledge about migra-
tory, and marine species and their distributions, and with Juan David Amaya for encouraging
the work for a RLI for Colombia. We also thank Nicola´s Giraldo for his help in compiling data,
and Rob Martin for sharing with us BirdLife International´s digital checklist of the birds of the
world. We also thank Angela Marı´a Forero for preparing a map of the regions in Colombia. We
are especially grateful to Liliana Da´valos, her review and comments contributed to the improve-
ment of the manuscript. We appreciate comments by Karolina Fierro and Carlos Ruiz (from
Asociacio´n Calidris) which helped to highlights some aspects in this paper, as well as the useful
comments by two anonymous reviewers whose contributions improved content of this paper.
Author Contributions
Conceptualization: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal, Stuart H. M.
Butchart.
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 13 / 19
Data curation: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal.
Formal analysis: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal, Stuart H. M. Butchart.
Funding acquisition: Luis Miguel Renjifo.
Investigation: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal.
Methodology: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal, Stuart H. M. Butchart.
Project administration: Luis Miguel Renjifo.
Supervision: Luis Miguel Renjifo.
Visualization: Angela Marı´a Amaya-Villarreal.
Writing – original draft: Angela Marı´a Amaya-Villarreal.
Writing – review & editing: Luis Miguel Renjifo, Angela Marı´a Amaya-Villarreal, Stuart H.
M. Butchart.
References
1. Barnosky AD, Matzke N, Tomiya S, Wogan GO, Swartz B, Quental TB, et al. Has the Earth’s sixth
mass extinction already arrived? Nature. 2011; 471(7336): 51–57. https://doi.org/10.1038/
nature09678 PMID: 21368823
2. Dirzo R, Young HS, Galetti M, Ceballos G, Isaac NJ, Collen B. Defaunation in the Anthropocene. Sci-
ence. 2014; 345(6195): 401–406. https://doi.org/10.1126/science.1251817 PMID: 25061202
3. Maxwell SL, Fuller RA, Brooks TM, Watson JEM. Biodiversity: The ravages of guns, nets and bulldoz-
ers. Nature. 2016; 536(7615): 143–145. https://doi.org/10.1038/536143a PMID: 27510207
4. WWF. Living Planet Report-2018: Aiming Higher. Gland: Grooten M and Almond REA (Eds). 2018;
https://wwf.panda.org/knowledge_hub/all_publications/living_planet_report_2018/. Accessed July,
2019.
5. Foley JA, DeFries R, Asner GP, Barford C, Bonan G, Carpenter SR, et al. Global consequences of
land use. Science. 2005; 309(5734): 570–574. https://doi.org/10.1126/science.1111772 PMID:
16040698
6. Ceballos G, Ehrlich PR, Barnosky AD, Garcı´a A, Pringle RM, Palmer TM. Accelerated modern
human–induced species losses: Entering the sixth mass extinction. Sci Adv. 2015; 1(5): e1400253.
https://doi.org/10.1126/sciadv.1400253 PMID: 26601195
7. Fjeldså J, A´ lvarez MD, Lazcano JM, Leon B. Illicit crops and armed conflict as constraints on biodiver-
sity conservation in the Andes region. AMBIO: A Journal of the Human Environment. 2005; 34(3):
205–211.
8. Sekercioglu CH. Increasing awareness of avian ecological function. Trends Ecol Evol. 2006; 21(8):
464–471. https://doi.org/10.1016/j.tree.2006.05.007 PMID: 16762448
9. Whelan CJ, Şekercioğlu C¸H, Wenny DG. Why birds matter: from economic ornithology to ecosystem
services. J Ornithol. 2015; 156(1): 227–238.
10. Mace GM, Collar NJ, Gaston KJ, Hilton-Taylor C, Akc¸akaya HR, Leader-Williams N, et al. Quantifica-
tion of extinction risk: IUCN’s system for classifying threatened species. Conserv Biol. 2008; 22:
1424–1442. https://doi.org/10.1111/j.1523-1739.2008.01044.x PMID: 18847444
11. Rodrigues A, Pilgrim JD, Lamoureux JF, Hoffman M, Brooks TM. The value of the IUCN Red List for
conservation. Trends Ecol Evol. 2006; 21(2): 71–76. https://doi.org/10.1016/j.tree.2005.10.010 PMID:
16701477
12. Farrier D, Whelan R, Mooney C. Threatened species listing as a trigger for conservation action. Envi-
ron Sci Policy. 2007; (10): 219–229.
13. Butchart SHM, Stattersfield AJ, Bennun LA, Shutes SM, Akcakaya HR, Baillie JEM, et al. Measuring
global trends in the status of biodiversity: Red List Indices for birds. PLoS Biol. 2004; 2: 2294–2304.
14. Butchart SHM, Stattersfield AJ, Bennun LA, Shutes SM, Akcakaya HR, Baillie JEM, et al. Using Red
List Indices to measure progress towards the 2010 target and beyond. Phil. Trans R Soc Lond B.
2005; 1454: 255–268.
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 14 / 19
15. Butchart SHM, Akc¸akaya HR, Chanson J, Baillie JEM, Collen B, Quader S, et al. Improvements to the
Red List Index. PLoS One. 2007; 2: e140. https://doi.org/10.1371/journal.pone.0000140 PMID:
17206275
16. Xu H, Tang X, Liu J, Ding H, Wu J, Zhang M, et al. China’s progress toward the significant reduction of
the rate of biodiversity loss. BioScience. 2009; 59(10): 843–852.
17. Butchart SHM, Walpole M, Collen B, Van Strien A, Scharlemann JP, Almond RE, et al. Global biodi-
versity: indicators of recent declines. Science. 2010; 328(5982): 1164–1168. https://doi.org/10.1126/
science.1187512 PMID: 20430971
18. Szabo JK, Butchart SH, Possingham HP, Garnett ST. Adapting global biodiversity indicators to the
national scale: A Red List Index for Australian birds. Biol Conserv. 2012; 148: 61–68.
19. Butchart SHM. Red List Indices to measure the sustainability of species use and impacts of invasive
alien species. Bird Conserv. Int. 2008; 18(S): S245–S262.
20. Regan EC, Santini L, Ingwall-King L, Hoffmann M, Rondinini C, Symes A, et al. Global trends in the
status of bird and mammal pollinators. Conserv Lett. 2015; 8: 397–403.
21. McGowan PJK, Mair L, Symes A, Westripp J, Wheatley H, Butchart SHM. Tracking trends in the
extinction risk of wild relatives of domesticated species to assess progress against global biodiversity
targets. Conserv Lett. 2018: e12588.
22. Young RP, Hudson MA, Terry AMR, Jones CG, Lewis RE, Tatayah V, et al. Accounting for conserva-
tion: using the IUCN Red List Index to evaluate the impact of a conservation organization. Biol Con-
serv. 2014; 180: 84–96.
23. United Nations. The Sustainable Development Goals Report 2018. New York: United Nations Publi-
cations. 2018. https://unstats.un.org/sdgs/files/report/2018/
TheSustainableDevelopmentGoalsReport2018-EN.pdf. Accessed 7 December 2019.
24. Lewis OT, Senior MJ. Assessing conservation status and trends for the world’s butterflies: the Sam-
pled Red List Index approach. J. Insect Conserv. 2011; 15: 121–128.
25. Brummitt NA, Bachman SP, Griffiths-Lee J, Lutz M, Moat JF, Farjon A, et al. Green plants in the red: A
baseline global assessment for the IUCN sampled Red List Index for plants. PLoS One. 2015; 10(8):
e0135152. https://doi.org/10.1371/journal.pone.0135152 PMID: 26252495
26. Baillie JE, Collen B, Amin R, Akcakaya HR, Butchart SH, Brummitt N, et al. Toward monitoring global
biodiversity. Conserv. Lett. 2008; 1(1): 18–26.
27. Bubb PJ, Butchart SHM, Collen B, Dublin HT, Kapos V, Pollock C, et al. IUCN Red List Index–Guid-
ance for National and Regional Use. 2009. https://www.iucn.org/content/iucn-red-list-index-guidance-
national-and-regional-use-version-11. Accessed February, 2019.
28. International Union for Conservation of Nature (IUCN) and BirdLife International (BLI). Metadata for
Sustainable Development Goal Indicator 15.5.1: Red List Index. 2017. https://unstats.un.org/sdgs/
metadata/files/Metadata-15-05-01.pdf. Accessed February, 2019
29. Hoffmann M, Brooks TM, Butchart SHM, Gregory RD, McRae L. Trends in biodiversity: vertebrates.
In: DellaSala DA, Goldstein MI, editors. Encyclopedia of the Anthropocine, vol 3. Oxford: Elsevier.
2017. pp. 175–184.
30. Saiz JCM, Lozano FD, Go´mez MM, Baudet A´ B. Application of the Red List Index for conservation
assessment of Spanish vascular plants. Conserv Biol. 2015; 29(3): 910–919. https://doi.org/10.1111/
cobi.12437 PMID: 25580521
31. Rodrigues ASL, Brooks TM, Butchart SHM, Chanson J, Cox N, Hoffmann M, et al. Spatially explicit
trends in the global conservation status of vertebrates. PLoS One. 2014; 9: e113934. https://doi.org/
10.1371/journal.pone.0113934 PMID: 25426636
32. BirdLife International. State of the world’s birds 2018: Taking the pulse of the planet. Cambridge, UK:
BirdLife International. 2018. https://www.birdlife.org/sites/default/files/attachments/BL_ReportENG_
V11_spreads.pdf. Accessed March, 2019.
33. BirdLife International [Internet]. Country profile: Colombia. 2018. [accessed 23 November 2018].
http://www.birdlife.org/datazone/country/colombia.
34. Asociacio´n Colombiana de Ornitologı´a checklist committee 2018 [Internet]. Species lists of birds for
South American countries and territories: Colombia. Version 31/July/2018]. [accessed 31 July 2018].
http://www.museum.lsu.edu/~Remsen/SACCCountryLists.htm
35. Avendaño JE, Boho´rquez CI, Rosselli L, Arzuza-Buelvas D, Estela FA, Cuervo AM, et al. Lista de che-
queo de las aves de Colombia: Una sı´ntesis del estado del conocimiento desde Hilty & Brown (1986).
Ornitologı´a Colombiana. 2017; 16: 1–83.
36. McMullan M. Field Guide to the Birds of Colombia. 1st ed. Bogota´: Rey Naranjo Editores; 2018.
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 15 / 19
37. Myers N, Mittermeier RA, Mittermeier CG, Da Fonseca GA, Kent J. Biodiversity hotspots for conserva-
tion priorities. Nature. 2000; 403(6772): 853–858. https://doi.org/10.1038/35002501 PMID: 10706275
38. Stattersfield AJ, Crosby MJ, Long AJ, Wege DC. Endemic Bird Areas of the World. Priorities for biodi-
versity conservation. Cambridge: BirdLife Conservation Series 7; 1998.
39. Hazzi NA, Moreno JS, Ortiz-Movliav C, Palacio RD. Biogeographic regions and events of isolation and
diversification of the endemic biota of the tropical Andes. Proc Natl Acad Sci. USA 2018; 115(31):
7985–7990. https://doi.org/10.1073/pnas.1803908115 PMID: 30018064
40. Renjifo LM, Franco-Maya AM, Amaya-Espinel JD, Kattan GH, Lo´pez-Lanus B. Libro Rojo de Aves de
Colombia. 1st ed. Bogota´: Instituto de Investigacio´n de Recursos Biolo´gicos Alexander von Hum-
boldt y Ministerio del Medio Ambiente; 2002.
41. Renjifo LM, Go´mez MF, Vela´squez-Tibata´ J, Kattan GH, Amaya-Espinel JD, Amaya-Villarreal AM,
et al. Libro Rojo de Aves de Colombia. Volumen I: Bosques Hu´medos de los Andes y la costa Pacı´fica.
Bogota´: Editorial Pontificia Universidad Javeriana e Instituto Alexander von Humboldt; 2014.
42. Renjifo LM, Amaya-Villarreal AM, Vela´squez-Tibata´ J, Burbano-Giro´n J. Libro rojo de aves de Colom-
bia. Volumen II: Ecosistemas abiertos, secos, insulares, acua´ticos continentales, marinos, tierras
altas del Darie´n y Sierra Nevada de Santa Marta y bosques hu´medos del centro, norte y oriente del
paı´s. Bogota´: Editorial Pontificia Universidad Javeriana e Instituto Alexander von Humboldt; 2016.
43. Renjifo LM, Amaya-Villarreal A´ M. Evolucio´n del riesgo de extincio´n y estado actual de conservacio´n
de las aves de Colombia. Rev Acad Colomb Cienc Exactas Fis Nat. 2017; 41(161): 490–510.
44. IUCN. IUCN Red List Categories and Criteria: Version 3.1. Second edition. Gland, Switzerland and
Cambridge: IUCN. 2012. https://portals.iucn.org/library/sites/library/files/documents/RL-2001-001-
2nd.pdf Accessed February, 2019.
45. IUCN. Guidelines for Application of IUCN Red List Criteria at Regional Levels: Version 3.0. IUCN Spe-
cies Survival Commission. Gland, Switzerland and Cambridge: IUCN. 2003. https://portals.iucn.org/
library/sites/library/files/documents/RL-2003-001-EN.pdf. Accessed February, 2019.
46. Hilty SL, Brown WL. A guide to the birds of Colombia. 1 st edition. Princeton: Princeton University
Press; 1986.
47. Ayerbe F. Guı´a Ilustrada de la Avifauna Colombiana. Wildlife Conservation Society. Primera Edicio´n.
Bogota´: Puntoaparte Bookvertising; 2018.
48. Schulenberg TS. [Internet]. Neotropical Birds Online. 2018. [accessed March 2019]. https://
neotropical.birds.cornell.edu/Species-Account/nb/home.
49. Grubb PJ. Interpretation of the ‘Massenerhebung’ effect on Tropical Mountains. Nature 1971; 229:
44–45. https://doi.org/10.1038/229044a0 PMID: 16059069
50. Kattan GH, Alvarez-Lo´pez H, Giraldo M. Forest fragmentation and bird extinctions: San Antonio eighty
years later." Cons Biol. 1994; 8(1): 138–146.
51. Renjifo LM. Composition changes in a subandean avifauna after long-term forest fragmentation. Cons
Biol. 1999; 13(5): 1124–1139.
52. Stratford JA, Stouffer PC. Forest fragmentation alters microhabitat availability for Neotropical terres-
trial insectivorous birds. Biol Conserv. 2015; 188: 109–115.
53. BirdLife International. [Internet]. IUCN Red List for birds. 2018 [accessed 14 November 2018]. http://
www.birdlife.org.
54. Aide TM, Grau HR. Globalization, migration, and Latin American ecosystems. Science. 2004; 305:
1915–1916. https://doi.org/10.1126/science.1103179 PMID: 15448256
55. Sa´nchez-Cuervo AM, Aide TM, Clark ML, Etter A. Land cover change in Colombia: surprising forest
recovery trends between 2001 and 2010. PLoS One. 2012; 7: e43943. https://doi.org/10.1371/
journal.pone.0043943 PMID: 22952816
56. Sa´nchez-Cuervo AM, Aide TM. Consequences of the armed conflict, forced human displacement, and
land abandonment on forest cover change in Colombia: a multi-scaled analysis. Ecosystems. 2013;
16(6): 1052–1070.
57. Da´valos LM, Bejarano AC, Correa HL. Disabusing cocaine: Pervasive myths and enduring realities of
a globalised commodity. Int J Drug Policy. 2009; 20(5): 381–386. https://doi.org/10.1016/j.drugpo.
2008.08.007 PMID: 19054660
58. Etter A, McAlpine C, Possingham H. Historical patterns and drivers of landscape change in Colombia
since 1500: a regionalized spatial approach. Ann Am Assoc Geogr. 2008; 98(1): 2–23.
59. Armenteras D, Rodrı´guez N, Retana J, Morales M. Understanding deforestation in montane and low-
land areas of the Andes in Colombia. Reg Environ Change. 2011; 11: 693–705.
60. Arcila OH. La Amazonia colombiana urbanizada: un ana´lisis de sus asentamientos humanos. 2011.
Instituto Amazo´nico de Investigaciones Cientı´ficas- Sinchi. https://www.sinchi.org.co/files/
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 16 / 19
publicaciones/publicaciones/pdf/20986_export%20libro%20amozonia%20urbanizada.pdf Accessed
June 2019.
61. Janssen R, Rutz DD. Sustainability of biofuels in Latin America: risks and opportunities. Energ Policy.
2011; 39(10): 5717–5725.
62. Armenteras D, Cabrera E, Rodrı´guez N, Retana J. National and regional determinants of tropical
deforestation in Colombia. Reg Environ Change. 2013; 13(6): 1181–1193.
63. IDEAM. Boletı´n de deteccio´n temprana de deforestacio´n, nu´mero 17. Cuarto trimestre Octubre-
Diciembre 2018. Bogota´. Instituto de Hidrologı´a, Meteorologı´a y Estudios Ambientales (IDEAM).
Subdireccio´n de Ecosistemas e Informacio´n Ambiental. Sistema de Monitoreo de Bosques y Carbono
(SMBYC). 2019. http://smbyc.ideam.gov.co/MonitoreoBC-WEB/pub/alertasDeforestacion.jsp?0.
4101438457288983. Accessed June, 2019.
64. Finer M, Mamani N. La deforestacio´n impacta 4 a´reas protegidas en la Amazonı´a colombiana. MAAP:
106. 2019 https://maaproject.org/2019/colombia_julio/ Accessed 28 October, 2019.
65. RUNAP (Registro U´ nico Nacional de A´ reas Protegidas). Runap en cifras. Parque Nacionales Natur-
ales de Colombia. 2018. http://runap.parquesnacionales.gov.co/cifras Accessed 9 October, 2019.
66. Vela´squez-Tibata´ J, Salaman P, Graham CH. Effects of climate change on species distribution, com-
munity structure, and conservation of birds in protected areas in Colombia. Reg Environ Change.
2013; 13(2): 235–248.
67. Bellard C, Leclerc C, Courchamp F. Impact of sea level rise on the 10 insular biodiversity hotspots.
Glob Ecol Biogeogr. 2014; 23(2): 203–212.
68. United Nations. The Sustainable Development Goal Report 2018. p11. New York: United Nations;
2018.
69. Butchart SHM, Lowe S, Martin RM, Symes A, Westrip JRS, Wheatley H. Which bird species have
gone extinct? A novel quantitative classification approach. Biol. Conserv. 2018; 227: 9–18.
70. IDEAM, SINCHI, IGAC, IIAP, PNN, WWF, et al. Capa Nacional de Cobertura de la Tierra (periodo
2005–2009): Metodologı´a CORINE Land Cover adaptada para Colombia escala 1:100 000, V 1.0;
2012.
71. IDEAM (Instituto de Hidrologı´a, Meteorologı´a y Estudios Ambientales). Mapa de Coberturas boscosas
para Colombia años 2000–2010; 2014.
72. FAO Global Forest Resources Assessment 2015. How are the world’s forests changing? Second edi-
tion. Rome: Food and Agriculture Organization of the United Nations. 2016. http://www.fao.org/3/a-
i4793e.pdf. Accessed June, 2019
73. Hansen MC, Potapov PV, Moore R, Hancher M, Turubanova SA, Tyukavina A, et al. High-Resolution
Global Maps of 21st -Century Forest Cover Change. Science. 2013; 342(6160): 850–853. https://doi.
org/10.1126/science.1244693 PMID: 24233722
74. Feng M, Sexton JO, Huang C, Anand A, Channan S, Song XP, et al. Earth science data records of
global forest cover and change: Assessment of accuracy in 1990, 2000, and 2005 epochs. Remote
Sens Environ. 2016; 184: 73–85.
75. Quayle JF, Ramsay LR. Conservation status as a biodiversity trend indicator: recommendations from
a decade of listing species at risk in British Columbia. Conserv Biol. 2005; 19: 1306–1311.
76. Butchart SH, Scharlemann JP, Evans MI, Quader S, Arico S, Arinaitwe J, et al. Protecting important
sites for biodiversity contributes to meeting global conservation targets. PloS One. 2012; 7(3):
e32529. https://doi.org/10.1371/journal.pone.0032529 PMID: 22457717
77. Rı´os MM, Muñoz MC. Penelope perspicax. In: Renjifo LM, Go´mez MF, Vela´squez-Tibata´ J, Kattan
GH, Amaya-Espinel JD, Amaya-Villarreal AM, Burbano-Giro´n J. Libro Rojo de Aves de Colombia.
Volumen I: Bosques Hu´medos de los Andes y la costa Pacı´fica. Bogota´: Editorial Pontificia Universi-
dad Javeriana e Instituto Alexander von Humboldt; 2014. pp.77–80.
78. Gregory RD, Skorpilova J, Vorisek P, Butler S. An analysis of trends, uncertainty and species selection
shows contrasting trends of widespread forest and farmland birds in Europe. Ecol Indic. 2019; 103:
676–687.
79. Wotton SR, Eaton M, Sheehan D, Barasa Munyekenye F, Burfield IJ, Butchart SH. Developing biodi-
versity indicators for African birds. 2017; Oryx: 1–12.
80. Mosquera DH. Motores de la deforestacio´n del bosque hu´medo Tropical bh-T de la regio´n norocciden-
tal colombiana. Revista Institucional Universidad Tecnolo´gica del Choco´ Investigacio´n Biodiversidad y
Desarrollo. 2014; 33(2):96–104.
81. SIMCI-UNODC. Sistema Integrado de Monitoreo de Cultivos Ilı´citos (SIMCI)-Oficina de las Naciones
Unidas contra la Droga y el Delito (UNODC). Informe de Monitoreo de Territorios Afectados por Culti-
vos Ilı´citos 2017. Bogota´. 2018. https://www.unodc.org/documents/cropmonitoring/Colombia/
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 17 / 19
Colombia_Monitoreo_territorios_afectados_cultivos_ilicitos_2017_Resumen.pdf. Accessed June,
2019.
82. WWF. Informe Causas de la Ilegalidad de la madera en Colombia. Un estudio sobre los flujos del
comercio de la madera, los actores y los impactos de la tala ilegal. Karla van Eynde Tom Blomley
(Eds). Santiago de Cali; 2015.
83. MME -Ministerio de Minas y Energı´a. Censo Minero Departamental 2010–2011. 2012. https://www.
minminas.gov.co/documents/10180/698204/CensoMinero.pdf/093cec57-05e8-416b-8e0c-
5e4f7c1d6820. Accessed June, 2019.
84. Bibes P. Transnational organized crime and terrorism: Colombia, a case study. J Contemp Crim Jus-
tice. 2001; 17(3):243–258.
85. Haken J. Transnational crime in the developing world. Global financial integrity; 12(11); 2011. https://
resourcegovernance.org/sites/default/files/Transnational_crime_web.pdf. Accessed June, 2019.
86. Cavelier J, Etter A. Deforestation of montane forest in Colombia as result of ilegal plantations of opium
(Papaver somniferum). In Churchill P. Baslev H, Forero E, Luteyn JL, editors. Biodiversity and conser-
vation of Neotropical montane forest. New York: Botanical Garden, New York. 1995; pp-541–549.
87. Da´valos LM, Bejarano AC, Hall MA, Correa HL, Corthals A, Espejo OJ. Forests and drugs: Coca-
driven deforestation in tropical biodiversity hotspots. Environ Sci Technol. 2011; 45(4): 1219–27.
https://doi.org/10.1021/es102373d PMID: 21222455
88. Dion ML, Russler C. Eradication efforts, the state, displacement and poverty: Explaining coca cultiva-
tion in Colombia during Plan Colombia. J Lat Am Stud. 2008; 40: 399–421.
89. Rinco´n Ruiz AR, Pascual U, Romero M. An exploratory spatial analysis of illegal coca cultivation in
Colombia using local indicators of spatial association and socioecological variables. Ecol Indic. 2013;
34: 103–112.
90. Parra JE, Beltra´n M, Delgadillo A, Ruiz-Guerra C. Oressochen jubatus. In: Renjifo LM, Amaya-Villar-
real AM, Vela´squez-Tibata´ J, Burbano-Giro´n J, editors. Libro rojo de aves de Colombia. Volumen II:
Ecosistemas abiertos, secos, insulares, acua´ticos continentales, marinos, tierras altas del Darie´n y
Sierra Nevada de Santa Marta y bosques hu´medos del centro, norte y oriente del paı´s. Bogota´: Edito-
rial Pontificia Universidad Javeriana e Instituto Alexander von Humboldt; 2016. p. 64–67.
91. Peters NE, Meybeck M. Water quality degradation effects on freshwater availability: impacts of human
activities. Water International. 2000; 25(2):185–193.
92. Faulkner S. Urbanization impacts on the structure and function of forested wetlands. Urban Ecosyst.
2004; 7: 89–106.
93. Amaya-Villarreal AM, Renjifo LM. Podiceps andinus. In: Renjifo LM, Amaya-Villarreal AM, Burbano-
Giro´n J, Vela´squez-Tibata´ J, editors. Libro rojo de aves de Colombia, Volumen II: Ecosistemas abier-
tos, secos, insulares, acua´ticos continentales, marinos, tierras altas del Darie´n y Sierra Nevada de
Santa Marta y bosques hu´medos del centro, norte y oriente del paı´s. Bogota´: Editorial Pontificia Uni-
versidad Javeriana e Instituto Alexander von Humboldt. 2016; pp. 55–56.
94. Ayerbe-Quiñones F, Pulgarı´n-Restrepo P, Estela FA. Podiceps occipitalis In: Renjifo LM, Amaya-Vil-
larreal AM, Burbano-Giro´n J, Vela´squez-Tibata´ J, editors. Libro rojo de aves de Colombia, Volumen II:
Ecosistemas abiertos, secos, insulares, acua´ticos continentales, marinos, tierras altas del Darie´n y
Sierra Nevada de Santa Marta y bosques hu´medos del centro, norte y oriente del paı´s. Bogota´: Edito-
rial Pontificia Universidad Javeriana e Instituto Alexander von Humboldt. 2016; pp. 119–121.
95. Lo´pez-Angarita J, Roberts CM, Tilley A, Hawkins JP, Cooke RG. Mangroves and people: Lessons
from a history of use and abuse in four Latin American countries. For Ecol Manage. 2016; 368: 151–
162.
96. Robinson JG, Redford KH (Editors.) Neotropical Wildlife Use and Conservation. 1st edition Illinois:
University Chicago Press; 1991.
97. Sarti F, Adams C, Morsello C, Van Vliet N, Schor T, Yagu¨e B, et al. Beyond protein intake: bushmeat
as source of micronutrients in the Amazon. Ecol Soc. 2015; 20(4): 22 p.
98. Duffy R, St John FA, Bu¨scher B, Brockington D. Toward a new understanding of the links between
poverty and illegal wildlife hunting. Conserv Biol. 2016; 30(1): 14–22. https://doi.org/10.1111/cobi.
12622 PMID: 26332105
99. Rosselli L, Stiles FG. Local and landscape environmental factors are important for the conservation of
endangered wetland birds in a high Andean plateau. Waterbirds: The International Journal of Water-
bird Biology. 2012; 35: 453–469.
100. Misio´n de verificacio´n de la ONU [Internet] Bio Anorı´: una expedicio´n de reconciliacio´n y vida. Yarce
E., oficial de informacio´n pu´blica, regional Medellı´n. 2019. [accessed 27 June 2019]. https://colombia.
unmissions.org/bio-anor%C3%AD-una-expedicio´n-de-reconciliacio´n-y-vida.
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 18 / 19
101. Maldonado JH, Moreno-Sa´nchez R, Espinoza S, Bruner A, Garzo´n N, Myers J. Peace is much more
than doves: The economic benefits of bird-based tourism as a result of the peace treaty in Colombia.
World Development. 2018; 106: 78–86.
102. Ocampo-Peñuela N, Winton RS. Ocampo. Economic and conservation potential of bird-watching tour-
ism in post-conflict Colombia. Trop Conserv Sci. 2017; 10: 1–6.
103. Oficina Internacional de los Derechos Humanos Accio´n Colombia (OIDHACO). Consideraciones
ambientales para la construccio´n de una paz territorial estable, duradera y sostenible en Colombia.
Informe PNUD. 2014. Accessed June, 2019. http://www.oidhaco.org/?art=2014&lang=es.
104. Pardo T. El bio´logo que observa aves con los hombres que lo secuestraron. Perio´dico El Tiempo.
2019 Jun 01. [accessed 10 Jul 2019]. https://www.eltiempo.com/vida/medio-ambiente/el-biologo-que-
observa-aves-con-los-hombres-que-lo-secuestraron-369514
105. Castillo J, Lleras ME, Sua´rez M. Sin polı´tica pu´blica contra los homicidios no es posible proteger la
vida en Colombia. Bogota´: Notas estrate´gicas No. 7, Fundacio´n Ideas para la Paz. 2018. http://
ideaspaz.org/media/website/FIP_NE_Homicidios_Diciembre.pdf. Accessed June, 2019.
106. Peñaranda I, Bermudez G. After the Peace Accord, Violence Persists in Colombia’s Coca Regions
(Part II). 2017. https://nacla.org/news/2018/04/08/after-peace-accord-violence-persists-colombia%
E2%80%99s-coca-regions-part-ii. Accessed June, 2019.
107. Armenteras D, Schneider L, Da´valos LM. Fires in protected areas reveal unforeseen costs of Colom-
bian peace. Nat Ecol Evol. 2019; 3(1): 20–23. https://doi.org/10.1038/s41559-018-0727-8 PMID:
30478307
108. Da´valos LM, Holmes JS, Rodrı´guez N, Armenteras D. Demand for beef is unrelated to pasture expan-
sion in northwestern Amazonia. Biol conserv. 2014; 170: 64–73.
109. IDEAM. Resultados Monitoreo de la Deforestacio´n 2017. Bogota´: Gobierno de Colombia, Ministerio
de Ambiente y Desarrollo Sostenible, Instituto de Hidrologı´a, Meteorologı´a y Estudios Ambientales.
2017. http://documentacion.ideam.gov.co/openbiblio/bvirtual/023835/023835.html. Accessed June,
2019
110. Grima N, Singh SJ. How the end of armed conflicts influence forest cover and subsequently ecosys-
tem services provision? An analysis of four case studies in biodiversity hotspots. Land Use Policy.
2019; 81: 267–275.
111. Themne´r A. Violence in post-conflict societies: Remarginalization, remobilizers and relationships.
London and New York: Series Editor David Chandler-Routledge Studies in Intervention and State-
building; 2011.
Tracking extinction risk trends and patterns of birds in Colombia through a Red List Index
PLOS ONE | https://doi.org/10.1371/journal.pone.0227381 January 27, 2020 19 / 19
